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ABSTRACT

@Ol

Obijective. In this study, the biological effect of MTA Repair HP (Mineral
Trioxide Aggregate Repair High Plasticity) and Biodentine have been
tested on a stabilized fibroblast cell line NCTC clone 929. Materials and
Methods. We assessed quantitative and qualitative parameters related to
cytotoxic effect of the investigated products. The experimental period
was 96 hours. Statistical analysis was performed with Kruskal-Wallis and
Wilcoxon tests. Results. The detached cells test showed no statistically
significant difference on cell culture for Biodentine and MTA Repair HP,
while for the cellular density assay we found the same biological effect
on the tested fibroblasts in the first 24 and 48 hours, but a significant
different cellular response for the investigated pulp capping materials for
the next 48 hours of the experiment. Conclusions. The results
demonstrated that the materials presented a very low level of
cytotoxicity. Biodentine showed in all parameters better biological
effects than MTA Repair HP, expressed by lower and limited cellular
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Introduction

Nowadays, when the biological, minimally invasive and
conservative concept dominates the entire approach in
dentistry, treatments for preserving dental pulp vitality are
even more current. In order to achieve this objective,
different cavity preparation techniques are used (for
example selective caries removal strategies), as well as
modern bioactive materials which induce tissues
regeneration, especially for cases where the pulp exposure
occurred, in order to avoid pulpectomy [1,2].

If the "gold-standard" of pulp capping was calcium
hydroxide, an interactive material that possesses
restorative properties, today pulp regenerative dentistry has
bioactive materials as its fundamental element. Whether it
is about indirect pulp capping in a deep dental caries
situation, or direct capping in the case of a pulp chamber
accidental opening, the first approach is to use materials

that exert a biological effect, they promote specific cellular
or tissue responses, which support and stimulates the
activity of the pulp-dentin complex, an essential biological
entity of the tooth [3].

The concept of biomaterial refers to a material that is
active from the host's local response point of view, thus
inducing a certain biological activity, necessarily having
properties of bioadhesion, tissue inducer, biodegradation
and bioresorbable [4]. The field of bioactive dental
restorative materials is extremely advanced today, and in
operative dentistry and endodontics the term bioactive
usually refers to the ability of a material to stimulate
dentin-pulp complex and induce the formation of
hydroxyapatite crystals on their surface [5].

As a result of the evolution of a dental caries or of a
restorative treatment to preserve pulp vitality (perceived as
an aggression of a mechanical or chemical nature), a
cascade of molecular mechanisms is triggered [6]. That
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lead to tertiary dentin production, either secreted by
odontoblasts (reaction dentin), or by other cells that replace
them (repair dentin), or by cells differentiated from dental
pulp stem cells (DPSC dental pulp stem cells), activated by
growth factors.

The latter, like the other types of odontogenic stem cells,
can transform into cells specific to dental tissues, like
odontoblasts, as well into other types of cells, like nerve or
smooth muscle cells, opening a large window to
regenerative medicine. In this context, the battle for new
bioactive dental material which can possess properties
capable of inducing cell proliferation and tissue healing is
becoming almost a necessity [7]. The first and most well-
known material used for indirect and direct capping
(introduced in 1920) was calcium hydroxide, which
remains today the most used material in this field, given its
successful clinical results over time [8]. At the present
time, in the framework of treatments to preserve the vitality
of the dental pulp, modern materials are mainly bioactive
silicate cements [9].

If in the case of some indirect capping are essential
avoiding bacterial contamination and hermetic sealing
restoration to prevent microleakage for a successful
approach, for direct pulp capping the therapeutic result is
conditioned by a series of biological factors related to the
preoperative pulp status, or the general status of the patient,
along with the bioactive dental materials that are being
increasingly used with a widening application option [10].

The first bioactive material introduced was MTA
(mineral trioxide aggregate), which revolutionized
regenerative endodontic therapy since 1995, when it was
launched [11]. The main properties of this tricalcium and
dicalcium silicate cement are biocompatibility, bioactivity
(conductive and inductive hard tissue properties) and
antimicrobial activity.

The MTA clinical indications refer to vital and non-vital
pulp therapy: vital pulp capping, pulpotomy, internal
resorption, perforation repair, apexification, apexogenesis
endodontic sealers [12]. Being a hydrophilic cement, the
setting is favored by moisture, from this it is clinically
widely and successfully used in root perforations and
furcation defects [13]. Limitations of MTA are related to a
prolonged setting time, technically difficult manipulation
and cost.

In 2009 a new bioactive tricalcium silicate cement was
released, Biodentine, known as “dentin substitute”, which
has improved mechanical, chemical and biological
properties  over  MTA, regarding  bioactivity,
biocompatibility, adhesion, setting time, discoloration
potential of tooth structures, color stability. Clinical
indications for Biodentine are similar to MTA, including
deep and/or large coronal and radicular carious lesions
(sandwich technique), dentine long term replacement and
temporary enamel replacement [14,15].

The bioactive silicate cements stimulate dentin-pulp
complex, inducing pulp cell lines proliferation, and
stimulate reparative dentine formation, while no signs of
inflammation occur. This mechanism is mediated by the
calcium hydroxide ions released which offer the conditions
for apatite formation [16,17]. These materials are also
known as “bioceramics” [18].

The goal of the in-vitro present study is to determine the
biological effect on fibroblasts of the modern bioactive
materials used for indirect and direct pulp capping,
considering that they are placed in indirect or even direct
contact with the pulp tissue. We assessed parameters
related to cytotoxic effect of the most used bioactive
silicate cements in a stabilize cell line.

Cell culture tests are the first line in toxicity testing of
medical devices, both from financial and moral and ethical
considerations. They offer valuable information about the
effects on cell proliferation, viability, cellular metabolism,
changes of cell permeability, enzymatic activity, cellular
morphological lesions and alterations, cell death, as a direct
expression of the toxicity of the investigated product [19].
Clinic direct extrapolation of the results is not possible, due
to the fact that cell cultures toxicity studies exclude the
action of other cellular and tissues factors and mechanisms
specific to a living organism, as such they must be
corroborated with subsequent in-vitro and in-vivo studies.

Materials and Methods

Materials

In this study, the biological effect of MTA Repair HP
(Mineral Trioxide Aggregate Repair High Plasticity) and
Biodentine have been tested on a stabilized fibroblast cell
line NCTC clone 929(L-929) from ATCC (American Type
Culture Collection). This is a one of the first stabilized
clone line cells and it is widely used for various
cytotoxicity tests. The origin is mouse connective tissue,
with no contaminants and a limited in-vitro life span. The
cell line was maintained by serial passages at the rate of
dispersion of 1:2 and over 96 hours of follow-up, the
number of detached cells from the substrate was
determined, as well as the gradual changes in the cell
concentration (density) in the confluent layer. Also,
different parameters/modifications expressing the possible
effects on the cellular morphology and the appearance of
the cellular layer were visualized under the optical
microscope.

The purpose of this study is the comparative analysis of
the investigated substances regarding the in-vitro
biological effects (cytotoxicity) on a fibroblast cell line,
quantified and validated by the parameters mentioned
above. A control group was also investigated.

The main characteristics of the tested products are
summarized in Table 1 and their biological properties are
listed in Table 2.
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Table 1. Main characteristics of MTA Repair HP and Biodentine

Dental material

Product Presentation/ Composition
category
% Powder/ liquid capsules
-% Bioactive, Powder: Tricalcium Silicate,
o reparative calcium | Dicalcium Silicate, Tricalcium
o silicate-based Aluminate, Calcium Oxide,
< cement Calcium Tungstate
|_
= Liquid: Water and plasticizer
Capsules/ single—dose containers
L N
Zz B'ff%c“"e.:‘.ew Powder: Tricalcium Silicate,
= ga C'é’m silicate- Dicalcium Silicate, Calcium
5 ase ?lefm’ carbonate and oxide filler, iron
[a) gerlera Y Known oxide, zirconium oxide
e} as “dentine
o substitute” Liquid: hydro-soluble polymer,

calcium chloride

Table 2. Biological properties of MTA Repair HP and
Biodentine

Dental product Biological properties

- biocompatibility

- dentin remineralization
- cementum neoformation
- antibacterial effect

MTA Repair HP

- bioactivity (biomimetic remineralization)
- biocompatibility
- sealing ability

BIODENTINE - antibacterial action
- anti-inflammatory properties
- stability in the oral environment
Methods

In this study we determined both quantitative (numerical
data) and qualitative (microscopically assessments of cell
damage) in-vitro biological effects of the tested materials.
The entire experimental period was 96 hours, the
parameters being determined at every 24 hours. The tested
products were abbreviated MTA HP and BD, respectively
in this study. They have been investigated in cured phase,
using indirect contact method, according to 1ISO 10993-5
[20]. MTA HP and BD were prepared according to the
manufacturer’s instructions. For MTA HP: 1 powder
capsule was manually mixed with 1 liquid capsule on a
sterile pad till the optimal consistency was achieved (putty
consistency), also high plasticity. BD was prepared by
adding to the powder capsule the content of the liquid
capsule and mechanically mix for 30 seconds. The
consistency is similar to the investigated MTA HP product.
We prepared and insert the materials into sterile molds with
sterile dental cement spatulas and carriers, so the test won’t
be contaminated and false data obtained/induced. In this
experiment we investigate the cytotoxic effect of these
materials after setting (15 minutes for MTA HP,
respectively 12 minutes for BD), although the biological
effect on cell substrate is equally important during the first
initial contact with the host and cellular effects can appear
during the setting period. In order to obtain a large surface

Properties Field of applications

high plasticity, high alkalinity

setting time 15 minutes - indirect and direct pulp capping
bismuth — free - pulpotomy

hydrophilic/ low solubility - root canal perforation

calcium ions release - root resorption

antibacterial effect - apexification

small particles size - retrograde endodontic surgery
radiopaque

high plasticity, alkaline pH - indirect and direct pulp capping
setting time 12 minutes - dentin replacement, in deep/ large

mechanical/ flexural properties coronal restorations (sandwich

similar to dentin technique)

resistance to microleakage - pulpotomy

color stability - root and furcation perforations
great bond to dental tissues - apexification

radiopaque - retrograde endodontic surgery

of sample in contact with cell substrate we use a dish form
molder, of 4 mm diameter and 2 mm height. After the
setting time, the materials were placed in 1 ml cell culture
medium Eagle's Minimum Essential Medium (EMEM)
(ATCC) without fetal calf serum, and incubated for 72
hours at 370 Celsius in humified atmosphere, in order to
obtain medium extracts of the investigated materials. For
the entire experiment a number of 12 samples of each
material have been used, for more appropriate statistically
significance behaviour of the two tested materials.

The fibroblasts were incubated in cell culture
microplates, at a density of 7.5 x104celule/cm2, in EMEM
(ATCC), which contains Earle’s Balanced Salt Solution,
non-essential amino acids, L-glutamine, sodium pyruvate
and sodium bicarbonate, supplemented with 10% fetal
bovine serum (SFB) and 1% antibiotic mixture (penicillin,
streptomycin and neomycin), in a humified 95% air, 5%
CO2 atmosphere, at 370 Celsius and an optimal 7.2-7.4 pH
was maintained. After 24 hours the Eagle medium was
sucked in and 0,1 ml of the undiluted extracts medium of
each material type (which contained products released
from the investigated products) and fetal bovine serum
were added. The cell cultures were kept in standard
incubation in thermostat for 96 hours at 37°C. A control
group for every tested lot was prepared, in which
fibroblasts were incubated in cellular medium.

In order to monitor the cytotoxic effect, we sequentially
assed two parameters: the number of detached cells and the
cellular density. The cellular layer was detached with
trypsin, resumed in a known environment volume (0.1 mL
of 0.4% trypan blue staining solution to 0.1 mL of cell
suspension), incubate at room temperature for 3 minutes
and immediately the cells have been counted in the
hemocytometer. In trypan blue exclusion assay, only
damaged cells take up the dye and the proportion of
damaged cells can be counted. Evaluation of cellular
density in the presence of the investigated pulp capping
materials was made also by counting in hemocytometer.

446



Biological effect of materials used in direct and indirect capping

The cell morphology was evaluated by optical
microscopy and it was addressed to possible changes in the
general cellular appearance, vacuolization, damage to the
cell membranes, the appearance of some alterations of the
nucleus and nucleoli, as well as the number and
characteristics of the detached cells from the substrate.

Statistical Analysis

Statistical analysis was performed using two
nonparametric tests: Kruskal-Wallis test in order to
identify if there are differences between the control and the
investigated products during the experiment. Further, the
comparisons of groups with statistically significant
differences were investigated with a Wilcoxon test with
continuity correction in order to precisely identify the
differences. The level of significance was set at p < 0.05.

Results

The results for cytotoxicity assessment by the mean of
number of detached cells from the monolayer, for BD, MTA
HP and control group, at 24, 48, 72 and 96 hours, are presented
in Figures 1 and 2.
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Figure 1. Boxplot diagram of the evolution of the
detached cells from the monolayer induced by the
investigated pulp capping materials in fibroblasts cell
culture, compared to control, at 24, 48, 72 and 96 hours.
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Figure 2. The evolution of the detached cells from the
monolayer induced by the investigated pulp capping
materials in fibroblasts cell culture, compared to control
group, at 24, 48, 72 and 96 hours.

The evolution of cells density in the presence of tested
substances and control at every 24 hours point, during the
4 days experiment, are presented below in Figures 3 and
Figure 4.
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Figure 3. Boxplot diagram of the evolution of cells
density in the presence of investigated pulp capping
materials in fibroblasts cell culture, compared to control
group, at 24, 48, 72 and 96 hours.
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Figure 4. The evolution of cells density in the presence
of investigated pulp capping materials in fibroblasts cell
culture, compared to control group, at 24, 48, 72 and 96
hours.

The qualitative expression of cytotoxicity was carried
out microscopically and assessed by the cell cultures
morphology analysis, reveals different degrees of cellular
degeneration in contact with the investigated substances.
We could observe different stages of membrane
disintegration, nucleus changes and appearance of
pathological pseudopodia.

Another specific aspect noted in this study is related to
the appearance of the rounded cells detached form the
monolayer, these being death or dying cells, as loss of
adherence usually initiates apoptosis. The presence of dead
cells is a result of pathological progression of cells
alterations in contact with tested materials used in the
study. They were floating in the suspension and their
number increased during the entire experiment in the
investigated lots as an indicator of the substances cytologic
effect (Figures 5-8).
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MTA Repair HP (Angelus, Brazil) lot, 20x magnification.
Degenerative cytoplasmic and membrane alterations.

Figure 6. Fibroblasts cell line L929 at 96-hour mark,
MTA Repair HP (Angelus, Brazil) lot, 40x magnification.
Detached cells from monolayer, in suspension.
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Figure 7. Fibroblasts cell line L929 at 24-hour mark,
Biodentine lot, 20x magnification. Cell membrane damage
in association with nuclei alterations.
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Figure 8. Fibroblasts cell line L929 at 96-hour mark,

Biodentine lot, 40x magnification. Numerous cellular
morphological alterations and floating dead cells.

Discussions

In this study the biological effects of bioactive MTA HP
and BD have been investigated in a widespread used
stabilized cellular line (L929). Cellular death (detached
cells) and also evolution of cellular density of fibroblasts
have been assessed in monolayer.

We choose to evaluate the direct effect on fibroblasts
because the tested substances are used in close or even
direct contact to pulp cells (fibroblasts and dental pulp stem
cells), with which the proposed cell line is demonstrated to
have similarities in characteristics and behavior [21].

Cell line tests for in-vitro cytotoxicity for medical
devices can be done by direct or indirect contact tests. In-
vivo, MTA HP and BD interact with dental pulp both in
semisolid phase (when they are applied on the tooth
structures) and in solid phase, after the setting time, for an
extended period of time. As a result, their effect is
different, depending on the elements that have been
released from their structure. In the present study, given
their limited solubility, as we mention before, we choose
the indirect contact method, and the samples were tested in
cured state, using the extracts medium of each material
type.

Cell death in culture is a normal biological process, part
of the cell growing and development. The passive death,
known as necrosis, is usually a result of extracellular
stresses that induce cell lysis, like nutrient depletion,
hypoxia, waste byproduct accumulation, effect of specific
chemicals to which the cells are in contact. The other types
of cell death are programed (genetically control death
known as apoptosis) or by autophagy.

Dead cell counting assays are a popular method to assess
cell viability, using different staining methods which
penetrate only damaged membrane cells (dead or dying
cells). Trypan blue dye which we use is excluded from
unaffected cells (the ones that remain colorless).

The quantitative results of cytotoxicity by evaluating the
detached cells parameter, showed a continuous increasing
of the detached cells number during the entire experiment
both for BD and MTA HP. The aspect is similar to
fibroblasts behaviour in control groups in the first 24 hours,
but the death cells counting indicated lower values in the
second phase of the study, then the continuous increasing
aspect was maintained. For the first 24 hours no
statistically significant difference between BD, MTA HP
and control has been found (BD-control: p=0,390; MTA
HP-control: p=0,280; BD-MTA HP: p=0,390). At 48 hours
for both capping material the significantly differences have
been identified, compared to control (BD-control:
p=0,012; MTA HP- control: p=0,004), but they presented
similar effect on cellular culture (p=0,247). The results at
72 hours confirmed the same effect of tested products, with
no statistically significant difference between them
(p=0,794), but we found significant difference regarding

448



Biological effect of materials used in direct and indirect capping

BD-control behaviour (p=0,002) and MTA HP — control
(p=0,002). At the end of the experiment, at 96 hours, the
same results were found: differences in cell death of
fibroblasts p=0,001 for BD and p=0,001 for MTA HP,
compared to control, but no statistically significant
difference was found between both materials regarding
cellular death at this point (p=0,340). The results indicated
a higher number of dead cells for MTA HP versus BD in
all tests, but not a significantly difference regarding
detached cells assay between the two investigated
products. Also, there were statistically significant
difference between control and both investigated products,
with the first 24 hours exception (when similar cell
response was observed and no difference has been found
between control and tested cements). This assay results of
cell mortality indicated a slightly different cytotoxic effect
depending on the type of tested cellular extract, more
pronounced for MTA HP, and with Kruskal-Wallis test and
Wilcoxon rank sum test aid we documented that in the first
24 hours of experiment no statistically significant
difference between all tested groups was confirmed, but it
was identified and maintained for the entire remaining
period of the study.

The cell density is a continuously changing parameter,
as representing a parameter of cell health [22,23].
Evaluation of cellular density in the presence of the
investigated pulp capping materials is a way to monitor
proliferation and viability in cultured cell lines as
biological cell indicators for MTA HP and BD.

In our study, both as a result of a normal cell
proliferation process and the tested materials effect, the cell
density generally increased. The evolution of cell density
was higher for BD than MTA HP in all tested lots,
presenting a lower rate in the first 24 hours, when MTA
determined a decreased cellular density, then a continuous
increasing level, till the end of the experiment. For the
control, the density in monolayer was continuously
progressing for each lot, at different rates, during the entire
study.

In the first 24 hours a statistically significant difference
was found between both the MTA HP and BD groups and
control groups, but not between the two investigated
products (p=0.00021). At 48 hours the results indicate a
statistically significant difference between MTA HP and
control (p=0.0044), but not between BD and MTA HP
(p=0,0652) and BD- control (p=0.2874). At 72 hours there
is no statistically significant difference between BD and
control (p=0.3405). Still, at this point, statistically
significant difference has been identified between MTA
HP and control (p=0.0011) and between the two pulp
capping materials (p= 0.0204) and the same results were
found at the end of the experiment, at 96 hours (BD-
control: p=0,686; MTA HP -control: p=0,004; MTA HP-
BD: p=0,001). Based on cellular density parameter, using

Kruskal-Wallis test, we can conclude that there are
statistically significant differences between the fibroblasts
reaction in the tested lots for MTA HP compared to control,
at every 24 hours mark, during the entire experiment, but
for BD and control group the differences could be
identified only in the first 24 hours, then they exhibit the
same biological behaviour. Regarding comparative
statistically analysis of BD and MTA HP effects on
fibroblasts culture, there were no differences in the first 24
and 48 hours, but a significant different cellular behaviour
appeared for the last half period of time of the experiment.
Pairwise comparisons using Wilcoxon test with continuity
correction all statistically significant differences have been
precisely identified.

The continuous increase of cellular density is an
expression of the biocompatibility and inductive properties
of the bioactive cements. There is a large number of studies
which confirm these aspects, although we found a slightly
cell growth inhibition in tested lots compared to control
lots, especially for MTA HP [24,25].

The qualitative assessment of biological effect by
microscopic examination of cellular appearance is
consistent with values for the cellular dead rates and
cellular density. Different changes in general cellular
morphology, whose progressive evolution during the
experiment, conducted to death cell, and detachment from
substrate, have been observed. The observations indicate
more obvious and visible aspects for MTA HP than BD and
they have been presented descriptively. Nevertheless, the
microscopic evaluations are in general more difficult to be
precisely identified and must be always referred to the
entire experiment and numerical data obtained. For MTA
HP, more visible cell membrane integrity damages were
observed, in association with a higher number of floating
death cells. Loss of membrane integrity is a clear indicator
for an unfavorable prognosis for cell survival [26]. For BD
the morphological degenerative cell alterations were more
discrete, and the presence of round detached cells less
important. The rounded aspect is related to first sign of
cellular injury, swelling, later followed by different nuclei
and nucleoli alterations. No clear-cut delimitation between
the healthy and affected cells were observed.

According to qualitative morphological grading of
cytotoxicity 1SO-10993-5 [20], we can conclude that the
cell injuries can be considered slight (not more than 20 %
of the cells are affected).

MTA’ cytotoxicity is an expression of the calcium
hydroxide released during the setting period, as the
subsequent high alkalinity is cytotoxic [27]. When it is
cured, MTA shows almost none or slightly cytotoxicity,
although some studies discovered that calcium ions are
released form the material for 28 days after setting [28]. On
the other side, MTA is capable of partially releasing its
soluble fraction to an aqueous environment over a long

449



Irina Maria Gheorghiu et al.

period of time, showing material solubility, with
consecutive cellular toxicity [29]. The MTA HP product
we have tested is a new bioactive cement with improved
physical parameters than the conventional MTA cement
and better biological capacities due to higher calcium ions
released rate which induce the differentiation of pulp cells
and thus the healing effect on mineralization [30]. MTA
HP releases calcium most intensively in the first month
after application, compared to conventional MTA, which
showed the highest release of calcium after 1 week [31].
The high-plasticity of this material is also a key factor in
better properties exerted by MTA Repair HP as pulp-
capping product, allowing a better handling and insertion,
along with higher push-out bond strength values [32].

Different recent studies have demonstrated very good
biocompatibility and cytocompatibility of MTA HP in
human dental pulp cells, and an intense bioactive response
with which the findings of this present study are in
line/agreement [33,34].

Biodentine exhibits minor microscopically cell damage
and permitted an important proliferation, identified as an
increased cell density evolution during the entire
experiment. Its outstanding bioactivity is attributed to
TGF-B1 (transforming growth factor beta 1) activation in
pulp cells, responsible for tertiary dentinogenesis and the
secretion of the dentin matrix [35,36]. At the same time,
Biodentine cytotoxic effect is proven to be insignificant in
a large number of studies, being recommended as the
silicate-based cement of choice for vital pulp therapy
[37,38]. The excellent cytocompatibility of Biodentine is
related to its improved composition, with no calcium
aluminate and calcium sulfate and other heavy metals.
Also, physical properties (easy manipulation, shorter
setting time, better sealing with no microleakage and
subsequent bacterial infiltration) allow a higher success
rate in pulp capping treatments [39].

Cell toxicity assays are important tools for assessing
biological response in order to predict the future in-vivo
behaviour of the tested materials. The results of this in-
vitro test are consistent with other studies on MTA HP and
Biodentine regarding cytocompatibility. The best
parameters were obtained for Biodentine, both for
numerical data of cellular death and cell density and
microscopic examination. We must also emphasize that at
all time intervals, both investigated cements presented a
very low level of cytotoxicity.

Conclusions

With the limitations of a cell culture in-vitro test, the
present study which investigated fibroblasts behavior in the
presence of MTA Repair HP(Angelus) and Biodentine
demonstrated that cells are sensitive to both substances.
The products induced different cellular degenerative
alterations, which finally led to cell death. The quantitative

results showed, however, that they present low levels of
cytotoxicity and the biological risk is not a very high one.
Biodentine showed in all parameters better biological
effects than MTA Repair HP, expressed by lower and
limited cellular damage and a higher cell density. The
detached cells assay indicated that there is not a statistically
significant difference regarding the fibroblast’s response in
the presence of the two investigated products. The cellular
density parameter showed no differences in the first 24 and
48 hours, but a significant different cellular behaviour
appeared for the tested products for the second 48 hours of
the study. Regarding the comparison with control, in cell
death test we found statistically significant difference
between control and both investigated products, with the
first 24 hours exception( when similar response was
identified), and for cellular density parameter we found
statistically significant differences between the fibroblasts
reaction in the tested lots for MTA compared to control, at
every 24 hours mark, during the entire experiment, but for
BD and control the differences could be identified only in
the first 24 hours, then they exhibit the same biological
behaviour.

In-vivo there is a large number of factors that intervene,
in association with other immunological mechanisms and
reactions, so the clinical response of human pulp to these
products are a very good one for indirect and direct pulp
capping and they have been demonstrated efficient clinical
behavior.
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